Introduction {#S1}
============

The ratio of second-to-fourth digit length (2D:4D ratio) is determined during the fetal period and becomes stable across the lifespan starting at 2 years of age ([@B33]). Prenatal androgen exposure and responsiveness have been cited as predictors of 2D:4D ratios ([@B25]; [@B29]). Differences in 2D:4D ratios between men and women are consistent with a relationship between prenatal testosterone concentrations and 2D:4D ratios ([@B9]; [@B26]; [@B35]). Also consistently, lower 2D:4D ratios have been reported in women with congenital adrenal hyperplasia, a condition involving exposure to elevated levels of testosterone *in utero* ([@B38]). As a consequence of fetal testosterone exposure, the 2D:4D ratio has a sexually dimorphic feature, with men tending to have smaller values than women ([@B27]). Twin studies, however, have shown that genetic factors are also contributed to this ratio ([@B10]; [@B40]).

*In utero* testosterone exposure not only decreases the 2D:4D ratio but also "defeminizes" the brain ([@B52]). Accordingly, typical masculine traits, such as aggression ([@B2]; [@B11]), reproductive success, sociosexuality, dominance ([@B30]), and competitiveness ([@B32]), have been shown to be inversely correlated with 2D:4D ratios. Many psychiatric disorders are associated with variations in 2D:4D ratios as well. While patients with attention-deficit/hyperactivity disorder (ADHD) ([@B45]) and autism ([@B28]) have exhibited smaller ratios, those with schizophrenia ([@B8]), depression ([@B34]), and eating disorders ([@B42]; [@B44]) had higher values when compared with non-affected individuals.

In the past 5 years, multiple studies have demonstrated a relationship between alcohol or nicotine dependence and 2D:4D ratios ([@B3]; [@B14]; [@B20]; [@B31]). Most have shown low 2D:4D ratios in alcohol dependence ([@B14]; [@B20]; [@B31]) and high 2D:4D ratios in nicotine dependence ([@B3]; [@B20]). These findings suggest a complex relationship between prenatal androgen exposure and addictive behaviors. Moreover, men with problematic video-gaming (a non-substance-related addictive behavior) exhibited lower 2D:4D ratios when compared with those with non-problematic video-gaming ([@B21]). Therefore, the amount of fetal testosterone exposure may influence the likelihood of engaging in addictive behaviors, whether substance-related or not.

Impulsivity has been proposed as a vulnerability marker for addictive behaviors ([@B46]). Individuals with substance use disorders often exhibit high levels of impulsivity ([@B48]). Impulsivity has also been associated with 2D:4D ratios ([@B15]), which may point to a link between addictive behaviors, impulsivity, and prenatal androgen exposure.

Previous work has not examined the relationship between 2D:4D ratios and problematic and pathological Internet use (PPIU). Based on findings in men with problematic video-gaming, we hypothesized that we would observe low 2D:4D ratios in association with PPIU, particularly among men. We also hypothesized that this relationship would be related to impulsivity.

Materials and Methods {#S2}
=====================

Participants {#S2a}
------------

We examined a convenience sample of 694 undergraduate students recruited from the main campus of Akdeniz University, Antalya, located in southern Turkey. This study is a part of a broader research effort aimed at the examination of addictive disorders and their relationship to various factors among undergraduate students. Participants were recruited through classes and a student volunteer subject pool. Data collection took place from January 2016 to May 2016. Individuals were not offered any compensation for their participation. After excluding students with incomplete data, the final analyzed sample consisted of 652 students.

Measures {#S2b}
--------

### Barratt Impulsiveness Scale, version 11 (BIS-11) {#S2b1}

The BIS-11 ([@B39]) is a 30-item self-administered questionnaire that is widely used to evaluate the personality/behavioral construct of impulsiveness. It consists of three subscales: "attentional impulsiveness" (eight questions reflecting a reduced tendency to maintain attention toward a stimulus), "motor impulsiveness" (11 questions measuring rapid action-taking and acting without forethought), and "non-planning impulsiveness" (11 questions expressing a lack of planning and an emphasis on the present). The BIS-11 items use a 4-point Likert scale and item values range from 1 = *rarely/never* to 4 = *almost always*. Some items are reverse-scored such to make higher scores reflective of greater impulsivity. The Turkish version of the BIS-11 was found to be reliable among healthy students and patients with psychiatric disorders (Cronbach's α coefficient: .78 and .81, respectively) ([@B13]).

### Internet Addiction Test (IAT) {#S2b2}

We used the IAT ([@B53]) to evaluate PPIU. The IAT is one of the most widely used instruments for the assessment of maladaptive Internet use. It does not identify the specific problematic Internet applications (e.g., online gaming, using the Internet for sociability, or pornography viewing). The IAT is self-administered and uses a Likert scale with response categories ordered from "0 = Does not apply" to "5 = Always*.*" It includes 20 items, and the total score can range from 0 to 100. Young ([@B54]) suggests that scores of 49 or lower indicate that the individual has adaptive Internet use (AIU), 50 or higher indicate that the individual has problematic Internet use, and 80 or higher indicate that the individual has pathological Internet use. These thresholds were used in several previous studies (e.g., [@B4]; [@B37]). The internal consistency of the Turkish version of the IAT was found to be high (Cronbach's α coefficient = .93) in a Turkish undergraduate sample ([@B4]).

### Measurement of 2D:4D ratios {#S2b3}

The lengths of the second digit (the "index" finger) and fourth digit (the "ring" finger) were measured using a digital Vernier caliper (accurate to 0.01 mm). Participants were instructed to place their hands on the table with their palms facing up and to extend their fingers as much as possible. The lengths of the digit were measured from the most proximal crease to the palm of the hand to the tip of the finger as described by Verster and de Haan ([@B47]). For each subject, two consecutive measurements were performed by two different observers. Each measurement was averaged to obtain a final value. The 2D:4D ratio was calculated by dividing the length of the index finger (second digit) by the length of the ring finger (fourth digit). The intraclass correlation coefficient (ICC) was used to assess the repeatability of 2D:4D ratios (average-score ICCs with absolute agreement definition; [@B51]). The reliability of the two raters was high for the right hand (2D: ICC = 0.994; 4D: ICC = 0.995), the left hand (2D: ICC = 0.994; 4D: ICC = 0.992) as well as 2D:4D ratios on the right hand (ICC = 0.984) and 2D:4D ratios on the left hand (IC = 0.981).

Statistical analysis {#S2c}
--------------------

We used IBM SPSS Statistics software version 20.0 (Armonk, NY, USA) to perform statistical analyses. Cohen's *d* statistics were calculated for two-group comparisons of means ([@B7]). Student's *t*-tests were utilized to assess between-group differences with respect to continuous variables. One-way analyses of variance (ANOVAs) were used to compare quantitative data among more than two groups (e.g., groups arranged in accordance with their most frequent Internet activities). To demonstrate the group differences, pairwise group comparisons were calculated using the Scheffé test. The χ^2^ test was used to compare proportions between the groups. The correlation of IAT scores with participants' ages, impulsivity scores, 2D:4D ratios, and Internet use-related variables was analyzed using Pearson's correlation tests. The multiple linear regression analyses were used to investigate the relationships between the dependent variable (IAT score) and the multiple independent variables (e.g., age and duration of weekly Internet use).

Moderated mediation analysis on whether the indirect effect of 2D:4D ratios (independent variable) on PPIU (dependent variable) operated through BIS-11 scores (mediator) and was moderated by gender (moderator) in a single model was conducted in the widely used PROCESS for SPSS, which implements bootstrapping confidence intervals (CIs) to infer indirect effects ([@B16]). Gender was included as a moderator in the relationships between 2D:4D ratios, PPIU, and BIS-11 scores. Analyses were repeated for both left- and right-hand 2D:4D ratios as the independent variables. Significant indirect effects of 2D:4D ratios on PPIU through BIS-11 scores for each gender were identified when the CIs did not include zero. Significant moderated mediation, corresponding to a between-gender difference in the indirect effect of 2D:4D ratios on PPIU through BIS-11, was identified when the index of moderated mediation CI did not include zero ([@B17]).

Ethics {#S2d}
------

All participants were recruited with written informed consent and approval by the Committee for the Protection of Human Subjects of the Akdeniz University School of Medicine Institutional Review Board. This study conformed to the ethical guidelines of the 2013 Declaration of Helsinki.

Results {#S3}
=======

The sample consisted of 369 women (56.6%) and 283 men (43.4%). The average age of participants was 20.8 ± 2.1 years (range: 17--27 years). The prevalence estimates of PPIU in the total sample were 12.9% and 2.8%, respectively. Given the relatively small number of participants with pathological Internet use (*n* = 18), the students with pathological Internet use and those with problematic Internet use were combined to form one group (with PPIU) for the analyses reported below. The average time spent online per week was 23.7 ± 14.6 hr. The Internet had been most frequently reported to be used for the following activities: online social networks (e.g., Facebook, Twitter, and Instagram) (48.3%); online streaming video (e.g., YouTube) (31.6%); Internet gaming (8.4%); online gambling (0.2%); online pornography (0.2%); and other activities (e.g., academic activities, e-mail checking, and reading the news) (11.3%).

As noted in Table [1](#T1){ref-type="table"}, 13.6% of women and 18.4% of men were found to have PPIU (*p* = .058). Men scored higher on the IAT, as compared with women (*p* = .004). Women were more likely to use the Internet for social networking and streaming videos than were men. Compared with women, a higher proportion of men reported Internet gaming as their most frequent Internet activity (*p* \< .001). Only two men reported online gambling and online pornography as their most frequent Internet activity. Thus, the following analyses conducted on the most frequently performed Internet activities did not include these two students. 2D:4D measurements for right and left hands were significantly higher in women than in men (*p* \< .001 and *p* \< .023, respectively).

###### 

Comparison of students with respect to gender

                                                 Women (*n* = 369)     Men (*n* = 283)   *T*-score or χ^2^ value   Effect size (*d*)   *p* values            
  ---------------------------------------------- --------------------- ----------------- ------------------------- ------------------- ------------ -------- --------
  Age (years)^a^                                 20.5                  2.0               21.2                      2.2                 4.042        0.31     \<.001
  Duration of weekly Internet use (hr/week)^a^   23.7                  14.7              23.8                      14.7                0.142        0.01     .887
  IAT score^a^                                   30.0                  16.8              34.1                      18.4                2.917        0.12     .004
  Attentional impulsiveness (BIS-11) score^a^    16.6                  5.1               17.0                      4.9                 0.977        0.07     .329
  Motor impulsiveness (BIS-11) score^a^          18.8                  5.9               19.5                      5.4                 1.492        0.11     .136
  Non-planning impulsiveness (BIS-11) score^a^   22.5                  5.6               22.7                      5.4                 0.455        0.03     .649
  Total impulsiveness (BIS-11) score^a^          58.1                  13.0              59.3                      11.8                1.264        0.10     .207
  Right-hand 2D:4D ratio^a^                      1.009                 0.038             0.991                     0.034               −6.302       0.50     \<.001
  Left-hand 2D:4D ratio^a^                       0.997                 0.037             0.990                     0.035               −2.275       0.19     .023
  PPIU status^b^                                 No                    319 (86.4%)       231 (81.6%)               2.825                            .058     
                                                 Yes                   50 (13.6%)        52 (18.4%)                                                          
  Most frequent Internet activities^b^           Social networking     193 (52.3%)       122 (43.1%)               41.047                           \<.001   
  Streaming videos                               127 (34.4%)           79 (27.9%)                                                                            
                                                 Gaming                10 (2.7%)         45 (15.9%)                                                          
                                                 Gambling              0                 1 (0.4%)                                                            
                                                 Pornography viewing   0                 1 (0.4%)                                                            
                                                 Other                 39 (10.6%)        35 (12.4%)                                                          

*Note.* BIS-11: Barratt Impulsivity Scale, version 11; IAT: Internet Addiction Test; PPIU: problematic and pathological Internet use.

Student's *t*-test. ^b^χ^2^ test.

Students with PPIU were younger (*p* = .045), used the Internet longer (*p* \< .001), and scored higher on attentional impulsiveness (*p* \< .001), motor impulsiveness (*p* \< .001), and total impulsiveness (*p* \< .001) than those with AIU (Table [2](#T2){ref-type="table"}). Participants with PPIU were more likely to report gaming as their most frequent Internet activity and tended to be less likely to report using the Internet for other activities (e.g., academic purposes). The right-hand 2D:4D ratios of students with PPIU were significantly smaller than those of the students with AIU (*p* = .008). There were, however, no significant mean group differences in the left-hand 2D:4D measurements between students with PPIU and those with AIU, although the difference approached significance (*p* = .068).

###### 

Comparison of students with and without PPIU

                                                     AIU (*n* = 550)     PPIU (*n* = 102)   *T*-score or χ^2^ value   Effect size (*d*)   *p* values            
  -------------------------------------------------- ------------------- ------------------ ------------------------- ------------------- ------------ -------- --------
  Age (years)^a^                                     20.9                2.1                20.4                      2.0                 2.012        0.16     .045
  Duration of weekly Internet use (hr/week)^a^       21.7                13.3               34.7                      16.1                −8.710       0.69     \<.001
  Attentional impulsiveness (BIS-11) score^a^        16.3                4.9                19.5                      4.6                 −6.119       0.48     \<.001
  Motor impulsiveness (BIS-11) score^a^              18.5                5.3                22.7                      6.7                 −7.039       0.56     \<.001
  Non-planning impulsiveness (BIS-11) score^a^       22.5                5.5                23.5                      5.8                 −1.712       0.14     .087
  Total impulsiveness (BIS-11) score^a^              57.3                12.0               65.7                      12.7                −6.455       0.51     \<.001
  Right-hand 2D:4D ratio^a^                          1.003               0.036              0.993                     0.041               2.660        0.21     .008
  Left-hand 2D:4D ratio^a^                           0.995               0.366              0.998                     0.366               1.831        0.14     .068
  Most frequent Internet activities (*n* = 650)^b^   Social networking   269 (49.1%)        46 (45.1%)                73.807                           \<.001   
  Streaming videos                                   183 (33.4%)         23 (22.5%)                                                                             
                                                     Gaming              25 (4.6%)          30 (29.4%)                                                          
                                                     Other               71 (13%)           3 (2.9%)                                                            

*Note.* AIU: adaptive Internet use; BIS-11: Barratt Impulsivity Scale, version 11; IAT: Internet Addiction Test; PPIU: problematic and pathological Internet use.

Student's *t*-test. ^b^χ^2^ test.

As shown in Table [3](#T3){ref-type="table"}, the duration of weekly Internet use and IAT and BIS-11 scores and right-hand 2D:4D ratios differed with respect to the most frequently reported Internet activities. Students who used the Internet mostly for gaming exhibited smaller right-hand 2D:4D measurements than did those who used the Internet mostly for social networking and streaming videos (*p* = .024; *p* = .026, respectively). For women, however, a one-way ANOVA indicated that right-hand or left-hand 2D:4D measurements did not differ according to the most frequently reported Internet activities (*F* = 3.707, *p* = .055; *F* = 0.307, *p* = .821, respectively). For men, right-hand 2D:4D ratios, but not left-hand 2D:4D ratios, differed significantly with respect to the most frequently reported Internet activities (*F* = 5.214, *p* = .002; *F* = 2.861, *p* = .053, respectively). A post-hoc Scheffé test indicated that men who reported using the Internet mostly for gaming had significantly lower 2D:4D ratios on the right hand than those who stated to use the Internet mostly for social networking (*p* = .005) and streaming videos (*p* = .006).

###### 

Comparison of age, Internet-related outcomes, impulsiveness subscales, and digit ratios with respect to the most frequent Internet activities. One-way ANOVA with post-hoc Scheffé test

                                              Social networking (*n* = 315)   Streaming videos (*n* = 206)   Gaming (*n* = 55)   Other (*n* = 74)                                            
  ------------------------------------------- ------------------------------- ------------------------------ ------------------- ------------------ ------- ------- ------- ------- -------- -----------
  Age (years)                                 20.8                            2.1                            20.8                2.2                20.8    1.9     20.8    2.1     0.312    .941
  Duration of weekly Internet use (hr/week)   24.2                            15                             23                  13.1               34.2    15.6    16.4    12.4    16.833   \<.001^a^
  IAT score                                   33.2                            17.3                           30.4                15.2               47      19.5    18.3    13.2    33.525   \<.001^a^
  Attentional impulsiveness (BIS-11) score    17                              4.7                            17.1                5.2                16.7    4.8     15.2    5.4     3.057    .028^b^
  Motor impulsiveness (BIS-11) score          19.3                            5.7                            19.5                5.9                19.5    6.1     17.2    4.8     3.175    .024^b^
  Non-planning impulsiveness (BIS-11) score   23.3                            5.8                            22.5                5.6                22      5       21.5    5.7     3.008    .056
  Total impulsiveness (BIS-11) score          59.6                            12.1                           58.7                12.7               58.1    12.5    53.9    12.7    4.222    .006^c^
  Right-hand 2D:4D ratio                      1.004                           0.037                          1.004               0.036              0.987   0.045   0.996   0.034   4.204    .006^d^
  Left-hand 2D:4D ratio                       0.994                           0.037                          0.997               0.037              0.983   0.033   0.992   0.035   2.954    .062

*Note.* BIS-11: Barratt Impulsivity Scale, version 11; IAT: Internet Addiction Test.

Pairwise comparisons: ^a^Social networking \> others (*p* \< .01); streaming videos \> others (*p* \< .01); gaming \> social networking, streaming videos, and others (*p* \< .001). ^b^Social networking \> others (*p* \< .05); streaming videos \> others (*p* \< .05). ^c^Social networking \> others (*p* \< .01); streaming videos \> others (*p* \< .05). ^d^Gaming \< social networking and streaming videos (*p* \< .05).

Because of the significant differences found in 2D:4D ratios between men and women, we reanalyzed the findings for both sexes separately. Table [4](#T4){ref-type="table"} demonstrates the comparison of women with PPIU and AIU and that of men with PPIU and AIU. All three subscales and total scores of BIS-11 were significantly higher in women with PPIU than in those with AIU. No differences in 2D:4D ratios were found with respect to having PPIU. Women with PPIU were more likely to report using the Internet mostly for social networking and online gaming than those with AIU (*p* = .005).

###### 

Comparison of women and men with and without PPIU

                                                     Females (*n* = 369)   Males (*n* = 283)                                                                                                                  
  -------------------------------------------------- --------------------- ------------------- ---------- -------- -------- ------------ ------------- ------------ -------- ------- -------- -------- ------ --------
  Age (years)^a^                                     20.6                  2.1                 19.8       1.6      2.553    0.27         .011          21.2         2.2      20.9    2.3      0.761    0.09   .447
  Duration of weekly Internet use (hr/week)^a^       21.9                  13.2                34.9       18.2     −6.110   0.64         \<.001        21.4         13.4     34.6    15.2     −6.214   0.74   \<.001
  Attentional impulsiveness (BIS-11) score^a^        16.1                  4.9                 20.4       4.0      −5.953   0.62         \<.001        16.6         4.7      18.6    5.1      −2.628   0.31   .009
  Motor impulsiveness (BIS-11) score^a^              18.3                  5.5                 22.5       7.1      −4.847   0.51         \<.001        18.8         4.9      22.9    6.5      −5.060   0.60   \<.001
  Non-planning impulsiveness (BIS-11) score^a^       22.2                  5.5                 24.2       5.9      −2.323   0.24         .021          22.8         5.5      22.8    5.6      −0.031   0.06   .975
  Total impulsiveness (BIS-11) score^a^              56.6                  12.5                67.2       12.4     −5.590   0.58         \<.001        58.2         11.3     64.3    12.8     −3.408   0.41   .001
  Right-hand 2D:4D ratio^a^                          1.001                 0.038               1.017      0.039    −1.491   0.16         .137          0.996        0.033    0.969   0.028    5.451    0.62   \<.001
  Left-hand 2D:4D ratio^a^                           0.996                 0.038               0.998      0.036    −0.336   0.04         .737          0.993        0.346    0.978   0.034    2.910    0.35   .004
  Most frequent Internet activities (*n* = 560)^b^   Social networking     161 (50.8%)         32 (64%)   12.694            .005         108 (47.2%)   14 (26.9%)   55.608           \<.001                   
  Streaming videos                                   114 (35.7%)           13 (26%)                                         69 (30.1%)   10 (19.2%)                                                           
  Gaming                                             6 (1.9%)              4 (8%)                                           19 (8.3%)    26 (50%)                                                             
  Others                                             38 (11.9%)            1 (2%)                                           33 (14.4%)   2 (3.8%)                                                             

*Note.* AIU: adaptive Internet use; BIS-11: Barratt Impulsivity Scale, version 11; PPIU: problematic and pathological Internet use.

Student's *t*-test. ^b^χ^2^ test.

Non-planning impulsiveness scores were comparable between men with PPIU and those with AIU (*p* = .975) (Table [4](#T4){ref-type="table"}). Men with PPIU had significantly smaller 2D:4D ratios on both the right and the left hands when compared with those with AIU (*p* \< .001 and *p* = .004, respectively). Internet gaming was significantly more prevalent among man with PPIU than in those with AIU (*p* \< .001).

Correlation analyses revealed that the duration of weekly Internet use, attentional impulsiveness, motor impulsiveness, and total impulsiveness had significant and positive relationships with IAT scores among both women and men (Table [5](#T5){ref-type="table"}). However, non-planning impulsiveness correlated positively with IAT scores in women only. For men, age, 2D:4D ratios on the right hand, and those on the left hand, correlated negatively with IAT scores (Figure [1](#fig1){ref-type="fig"}).

###### 

Bivariate correlations between continuous variables among women and men

                                                  Females (*n* = 369)   Males (*n* = 283)                                                                                                                                                    
  ----------------------------------------------- --------------------- ------------------- ----------- ----------- ----------- -------- ----------- ----------- -------- -------- ----------- ----------- ----------- -------- ------------ ------------
  1\. Age (years)                                 −0.128\*              −0.067              −0.001      0.013       −0.021      −0.010   0.059       −0.064      −0.029   −0.032   0.007       −0.052      −0.035      0.087    0.046        −0.182\*\*
  2\. Duration of weekly Internet use (hr/week)                         0.137\*             0.213\*\*   0.038       0.167\*\*   −0.026   −0.099      0.433\*\*            0.097    0.165\*\*   0.054       0.142\*     −0.103   0.002        0.422\*\*
  3\. Attentional impulsiveness                                                             0.483\*\*   0.366\*\*   0.769\*\*   0.010    −0.038      0.420\*\*                     0.391\*\*   0.341\*\*   0.748\*\*   −0.036   0.039        0.243\*\*
  4\. Motor impulsiveness                                                                               0.389\*\*   0.815\*\*   −0.008   −0.046      0.331\*\*                                 0.299\*\*   0.761\*\*   −0.088   −0.156\*\*   0.280\*\*
  5\. Non-planning impulsiveness                                                                                    0.754\*\*   −0.047   −0.074      0.179\*\*                                             0.739\*\*   −0.014   −0.037       0.035
  6\. Total impulsiveness                                                                                                       −0.020   −0.068      0.393\*\*                                                         −0.062   −0.074       0.247\*\*
  7\. Right-hand 2D:4D ratio                                                                                                             0.588\*\*   0.011                                                                      0.533\*\*    −0.353\*\*
  8\. Left-hand 2D:4D ratio                                                                                                                          −0.033                                                                                  −0.192\*\*
  9\. Internet Addiction Test                                                                                                                                                                                                                

\*Correlation is significant at the 0.05 level (two-tailed). \*\*Correlation is significant at the 0.01 level (two-tailed).

![Scatter diagrams of the correlations between the IAT and 2D:4D ratios in women and men](2006.6.2017.019_f001){#fig1}

The multiple linear regression analyses were undertaken for men and women separately including only 2D:4D ratios on the right hand to avoid multicollinearity. The multiple linear regression analyses revealed that age, duration of weekly Internet use, attentional impulsiveness, motor impulsiveness, and 2D:4D ratios on the right hand were independently associated with Internet addiction severity (i.e., IAT scores) (Table [6](#T6){ref-type="table"}). However, total impulsiveness and 2D:4D ratios on the left hand were not independently associated with Internet addiction severity.

###### 

Multiple linear regression analysis with IAT as the dependent variable

          *B*                                         *t* values   95% CI   *p* values             *R*^2^ model   
  ------- ------------------------------------------- ------------ -------- ---------------------- -------------- ------
  Men     Age (years)                                 −0.148       −3.052   −2.069 to −0.446       .002           .324
          Duration of weekly Internet use (hr/week)   0.352        7.118    0.320 to 0.564         \<.001         
          Total impulsiveness (BIS-11)                −0.216       −1.895   0.116 to 0.423         .001           
          Right-hand 2D:4D ratio                      −0.274       −4.661   −213.741 to −106.498   \<.001         
  Women   Age (years)                                 −0.008       −0.187   −0.799 to −0.655       .852           .286
          Duration of weekly Internet use (hr/week)   0.378        8.388    0.333 to 0.536         \<.001         
          Total impulsiveness (BIS-11)                0.330        7.380    0.314 to 0.541         \<.001         
          Right-hand 2D:4D ratio                      0.028        0.628    −26.354 to 51.109      .530           

*Note. B*: standardized coefficients; CI: confidence interval; *R*^2^: percentage of total variance explained in the model.

Moderated mediation analyses showed that gender moderated the relationship between 2D:4D ratios on the right hand and PPIU (*B* = −37.20; *p* \< .001; 95% CI = −51.92 to −22.48), but not between right-hand 2D:4D ratios and BIS-11 (*B* = −14.73; *p* = .55; 95% CI = −63.03 to 33.57) or BIS-11 and PPIU (*B* = −0.02; *p* = .37; 95% CI = −0.05 to 0.02). 2D:4D ratios on the right hand had no significant indirect effects on PPIU through BIS-11 in men (*B* = −0.94; 95% CI = −3.18 to 0.43) or in women (*B* = −0.42; 95% CI = −2.57 to 1.63) (Figure [2](#fig2){ref-type="fig"}). The index of moderated mediation (index = −0.53; 95% CI = −3.36 to 2.13) indicated the indirect effects through BIS-11 were not different between men and women.

![Path coefficient analysis of the relationship between 2D:4D ratio on the right hand, impulsivity (BIS-11 total score), gender, and PPIU. \**p* \< .01](2006.6.2017.019_f002){#fig2}

Similarly, analyses using 2D:4D ratios on the left hand as the independent variable showed that gender moderated the relationship between 2D:4D ratios on the left hand and PPIU (*B* = −15.38; *p* = .02; 95% CI = −28.11 to −2.65), but not between left-hand 2D:4D ratios and BIS-11 (*B* = −1.40; *p* = .96; 95% CI = −53.39 to 50.59) or BIS-11 and PPIU (*B* = −0.02; *p* = .26; 95% CI = −0.05 to 0.01). 2D:4D ratios on the left hand had no significant indirect effect on PPIU through BIS-11 in men (*B* = −0.99; 95% CI = −3.48 to.38) or in women (*B* = −1.40; 95% CI = −3.79 to 0.59) (Figure [3](#fig3){ref-type="fig"}). The index of moderated mediation (index = 0.41; 95% CI = −2.57 to 3.18) indicated no between-gender differences in the indirect effects through BIS-11.

![Path coefficient analysis of the relationship between 2D:4D ratio on the left hand, impulsivity (BIS-11 total score), gender, and PPIU. \**p* \< .05. \*\**p* \< .01](2006.6.2017.019_f003){#fig3}

Discussion {#S4}
==========

In this study, we sought to examine associations between 2D:4D ratios and PPIU and how they related to gender and impulsivity. We report five main findings. First, students with PPIU had lower 2D:4D ratios than those with AIU, consistent with our a priori hypotheses. Second, participants who used the Internet mostly for online gaming had low 2D:4D ratios on the right hand. Third, the relationship between 2D:4D ratio and Internet addiction severity among women was not as strong as that seen among men, consistent with our a priori hypotheses. Fourth, the 2D:4D ratios on the right hand were independently related to PPIU among men, even after controlling for age and impulsivity. Fifth, in a moderated mediation analysis, the relationship between 2D:4D ratios and PPIU was not mediated through impulsivity as assessed by BIS-11, but it was moderated by gender. These findings suggest that the 2D:4D ratio may reflect contributions to PPIU above and beyond those linked to impulsivity, and that the relationship between 2D:4D ratios and PPIU does not operate through increased impulsivity.

These findings lend support to previous studies which indicate that alcohol abuse may be related to more masculinized (lower) 2D:4D ratios ([@B14]; [@B20]; [@B31]). The only study that examined the 2D:4D of individuals with a non-substance-related addictive disorder (i.e., video-game addiction) was from Germany ([@B21]). The authors found that participants who were in the at-risk or addicted category according to the Video Game Addiction Scale (CSAS-II) (*n* = 27) exhibited lower 2D:4D ratios on both hands than those who did not exhibit problematic video-gaming (*n* = 27). The study ([@B21]), however, included only men and the sample size was relatively small. Our results are in good agreement with those reported by Kornhuber et al. ([@B21]), showing that men with PPIU had lower 2D:4D ratios on both hands when compared with same-sex individuals with AIU. However, women with PPIU and those with AIU did not differ with respect to 2D:4D ratio. Furthermore, IAT scores correlated negatively with both right- and left-hand 2D:4D ratios among men, whereas no such correlation was observed among women. According to our findings and those of Kornhuber et al. ([@B21]), we suggest that the amount of prenatal androgen exposure, as reflected in the 2D:4D ratios may be associated with a predisposition to certain types of non-substance-related addictive disorders among men. However, this association may be weaker among women.

In a prior study ([@B21]), 2D:4D ratios on both hands in men were independently associated with video-game addiction when controlling for anxiety, depression, ADHD, hostility, and interpersonal sensitivity. However, we found that the 2D:4D ratio on the left hand was not independently associated with PPIU severity in men after including age, the duration of weekly Internet use, and impulsivity in multiple linear regression analyses. Furthermore, our findings were related to an integrated model wherein the path of 2D:4D ratios on the right hand to PPIU was not mediated by impulsive tendencies and was moderated by gender, indicating that only among men lower 2D:4D ratios were related to PPIU. Differences between the results of the two studies may reflect several factors including assessment of different behavioral addictions, cultural differences, the methods used to assess 2D:4D ratios, different potentially confounding variables considered in regression analyses, and the relatively small sample size of the prior study ([@B21]). Interestingly, a meta-analysis ([@B18]) concluded that the 2D:4D ratio on the right hand might be a better indicator of prenatal testosterone exposure than the 2D:4D ratio on the left-hand, which may serve as an explanation as to why only the right-hand 2D:4D ratios were independently associated with PPIU in our study. Taken together, we propose that a low 2D:4D ratio on the right hand, which may reflect the degree of fetal testosterone exposure, is an important statistical predictor of PPIU in men. Further study is needed to understand how fetal testosterone exposure may relate to brain structure and function that may predispose individuals to PPIU and other addictive behaviors.

Prenatal hormonal environment has long been recognized as an important factor regulating brain development ([@B12]). Few researchers, however, have addressed the effects of fetal androgen levels on the anatomy or the function of the brain. A prospective functional magnetic resonance imaging (fMRI) study ([@B23]) has shown that fetal testosterone may influence the organization of reward-related regions including the caudate, putamen, and nucleus accumbens. In another study of 28 healthy boys ([@B24]), prenatal testosterone levels were positively associated with gray-matter volumes, particularly in the right temporo-parietal junction/posterior superior temporal sulcus and left amygdala. Differences in activation of the right temporo-parietal junction have also been reported among men with and without Internet addiction in a ball-throwing animation task ([@B60]). Furthermore, men with Internet gaming disorder exhibited altered gray-matter density and functional connectivity of the amygdala during fMRI at rest ([@B19]). These studies suggest neural mechanisms for the relationship between prenatal testosterone levels and addictive behaviors, in particular, Internet addiction among men. Our study is consistent with the notion that fetal testosterone exposure, as assessed indirectly by 2D:4D ratios, is associated with PPIU, particularly among men.

Internet gaming disorder, which has been included in section III of the DSM-5 ([@B1]), is arguably the most well-studied problematic Internet use behavior ([@B41]). In this study, the duration of weekly Internet use was longest in participants who used the Internet mostly for gaming. Furthermore, students with PPIU were more likely to report gaming as their most frequent Internet activity. Although we did not assess Internet gaming disorder by a validated instrument, online gaming activity may be considered as the one most likely to be related to PPIU in this population. We found that men whose most frequent online activity was Internet gaming exhibited lower 2D:4D ratios on the right hand when compared with those who used the Internet most frequently for online social networking and video streaming. According to this finding, a specific type of Internet addiction, namely Internet gaming disorder, might be most closely related to *in utero* testosterone levels among men. However, studies directly focusing on Internet gaming disorder should be conducted to draw more definitive conclusions.

A relationship between Internet addiction and impulsivity has been previously reported. For example, among 2,620 high-school students, means for all three subscales of the BIS-11 were higher in students with Internet addiction than in those without ([@B5]). Two studies ([@B22]; [@B55]) using similar methodologies found similar results. Interestingly, impulsivity levels of individuals with Internet addiction were comparable to those in individuals with pathological gambling, suggesting a role for impulsivity in both Internet addiction and pathological gambling ([@B22]; [@B55]). Choi et al. ([@B6]) have also shown that 23 subjects who scored 70 or higher on the IAT had higher scores on all three subscales of the BIS-11 than 24 sex-, age-, and intelligence-matched healthy comparison subjects. In this study, in line with existing research, individuals with PPIU exhibited higher impulsivity, as measured by the BIS-11 and as compared with individuals with AIU. However, non-planning impulsiveness scores were not different between men with PPIU and men with AIU. Thus, attentional impulsiveness (reflecting reduced attention toward stimuli) and motor impulsiveness (reflecting less forethought before acting) are associated with tendencies to use the Internet problematically across both gender groups. However, non-planning impulsiveness, which indicates lack of forward planning and provision, may be a risk factor for PPIU only among women. Moreover, regression analysis revealed that attentional impulsiveness and motor impulsiveness (but not non-planning impulsiveness and total impulsiveness) were independently associated with IAT scores among men, indicating that cognitive and motor aspects of the impulsivity construct may be particularly relevant to the relationship between impulsivity and Internet addiction. However, the relationship between 2D:4D ratios and PPIU does not appear to operate via impulsivity.

Strengths and limitations {#S4a}
-------------------------

Strengths of the present investigation include its relatively large sample size and the performance of two consecutive measurements of 2D:4D ratios conducted by two independent assessors. Several limitations should also be noted. First, although using a digital Vernier caliper to measure 2D:4D is an acceptable method ([@B43]), simultaneously scanning participants' hands would offer an opportunity to conduct reliability analyses. Second, 2D:4D ratios may be influenced not only by prenatal testosterone exposure but also by genetic factors ([@B10]; [@B36]; [@B40]; [@B49], [@B50]). Thus, individual differences in terms of 2D:4D ratios may reflect genetic factors as well as *in utero* testosterone levels. Third, we assessed PPIU by use of a standardized self-report instrument rather than by a diagnostic interview. Fourth, more fine-grained assessments of Internet use were not collected in this study. Fifth, because of the relatively small number of individuals with pathological Internet use, we could only examine differences related to PPIU as a whole. Sixth, we did not evaluate other possible confounding factors, such as ADHD ([@B45]) and depression ([@B34]), which could affect the relationships between 2D:4D ratios and IAT scores.

Conclusions {#S5}
===========

This study, we believe for the first time, has linked PPIU to 2D:4D ratios in a sample of both women and men. This relationship appeared stronger in men than in women. Our results revealed that 2D:4D ratios on the right hand, which may represent a better indicator of *in utero* testosterone levels than 2D:4D ratios on the left hand ([@B12]), were inversely correlated with Internet addiction severities even after controlling for individual differences in age, duration of weekly Internet use, and impulsivity. Moreover, the association between 2D:4D ratios on the right hand and PPIU was moderated by gender, with lower 2D:4D ratios related to PPIU only in men. We propose that one of the long-term consequences of exposure to greater levels of fetal testosterone may be an increased vulnerability to specific addictions, and PPIU in particular. The link between high *in utero* testosterone and PPIU is unknown, but men with low 2D:4D ratios may show greater reward sensitivity than men with high 2D:4D ratios, and thus reward sensitivity might link 2D:4D ratios and PPIU ([@B23]). Nevertheless, longitudinal studies are needed to investigate directly this possibility. Measuring fetal testosterone from amniotic fluid samples and following participants after delivery until their early adulthood would provide more robust evidence of the effect of fetal testosterone on the development of PPIU and addictive disorders more generally. Our findings should be replicated using larger samples and focusing on specific problematic Internet use behaviors, in particular, Internet gaming disorder. Future studies should combine neuroimaging methods, genetic assessments, and 2D:4D measurements to facilitate an understanding of brain factors that may relate to 2D:4D ratios and PPIU.
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